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Abstract. Using the topologist sine curve we present a new functorial 
construction of cone-like spaces, starting in the category of all path- 
connected topological spaces with a base point and continuous maps, and 
ending in the subcategory of all simply connected spaces. If one starts 
by a noncontractible n-dimensional Peano continuum for any n > 0, 
then our construction yields a simply connected noncontractible {n + 
l)-dimensional cell-like Peano continuum. In particular, starting with 
the circle S'^, one gets a noncontractible simply connected cell- like 2- 
dimensional Peano continuum. 



1. Introduction 

It is well known that all cell-like polyhedra are contractible. Griffiths [S] 
constructed a 2-dimensional nonsimply connected cell-like Peano continuum: 
Let Hi be the 1-dimensional Hawaiian earrings with the base point 9 at 
which Hi is not locally simply connected. Let Y = C(Hi) be the cone over 
Hi. Then Hi can be considered as the base of the cone C(Hi) and 9 as its 
base point. The Griffiths space is then defined as the bouquet of two copies 
of Y with respect to the point 6. 

A generalization of the Griffiths example is analogous - instead of the 1- 
dimensional one considers the 2-dimensional Hawaiian earrings i.e. the 
subspace H2 of the 3-dimensional Euclidean space, H2 = {{xq, xi, X2) G 
M^l (a;o - i/kf + xj + x^ = (l/A;)^, A; G N} . It is easy to see that this 
generalization of the Griffiths example is a 3-dimensional noncontractible 
simply connected cell-like Peano continuum. 

The purpose of the present paper is to construct a functor SC{ — , —) from 
the category of all path connected spaces with a base point and continuous 
mappings, to the subcategory of all simply connected spaces with a base 
point. The following are our main results: 

Theorem 1.1. For every path connected space Z with zq G Z, the space 
SC{Z,zo) is simply- connected. 
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Theorem 1.2. For every noncontractible space Z with zq € Z , the space 
SC{Z,zo) is noncontractible. 

If Z is a Peano continuum, then SC{Z, zq) is also a Peano continuum. If 
Z is an n-dimensional metrizable space for n > 0, then the space SC{Z, zq) 
is (n + l)-dimensional. If Z is a compact, then SC{Z, zq) is a compact space 
with trivial shape. 

In particular, when Z is the circle S^, we get the following: 

Corollary 1.3. For any point zq of the circle , the space SC{S^,zq) is a 
noncontractible simply connected cell-like 2-dimensional Peano continuum. 

As a general reference for algebraic topology we refer the reader to |10j . 

2. Preliminaries 

For any two points A and B in the plane M'^, -B] denotes the linear 
segment connecting these points. For a, 6 € M with a < b, [a, b] denotes the 
closed interval, (a, b) denotes the open interval and [a, b) and (a, b] denote 
the half-open intervals, as usual. The unit interval [0, 1] will be denoted by 
1. To avoid confusion between an open interval and an element of the square 
I X I, we shall write (a; b) for the latter, where a, 6 G I. Our construction is 
based on the piecewise linear topologist sine curv6 T in the plane. Let — 
(l/n; 0), Bn = (1/n; 1), forn G N = {1, 2, 3, . . . }, A = (0; 0), B = (0; 1) be 
the points of the plane M^. Let L2n-i = [^n^-B^] and = [B-n, An+i]. 
The space T is the subspace of defined as the union of all segments 
and L = [A,B]. 

Let Z be any space with a base point zq. Then the base set of SC{Z, zq) 
is the quotient set of T x Z U obtained by the identification of the 
points (s, zo) £ T X Z with s G T C and by the identification of each set 
{s} X Z with the one-point set {s} if s € L. There is a natural projection 
p : SC{Z,zq) —^I'^. To p there corresponds a pair of functions pi and p2 
such that p{z) = {pi{z);p2{z)). For a = {x]y) G T with x > 0, the set 
p~^{a) is denoted by Za, which is homeomorphic to Z, and for y € I the 
set P2^{{y}) is denoted by My. Let Oe(a) = p~^{Us{a)), where C/e(a) is the 
open e-ball with the center at a S I x I with respect to the standard metric. 

The topology of SC{Z,zq) coincides with the quotient topology at each 
point outside L. A basic neighborhood of a point a = (0; y) € L is of the 
form Oe(a). Therefore, the topology of SC{Z,zo) is the quotient topology 
when Z is compact. 

Obviously, SC{—, — ) is a functor from the category of topological spaces 
with a base point to itself. The space SC{Z,zo) is path-connected, path- 
connected and locally connected, finite-dimensional, metrizable or compact 
if Z is path-connected, path-connected and locally connected, metrizable or 
compact, respectively. In particular, SC{Z, zq) is a Peano continuum if Z is 
a Peano continuum. 
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If Z is compact, SC{Z) is a quotient space of T x Z U and hence 
SC{Z) is also compact. Next we show that the shape type of SC{Z) is 
that of the one-point space, when Z is compact. To see this let U be an 
open cover of SC{Z). By the compactness of I we have e > such that 
p~^([0, e) X [a,h]) is contained in an element oiU for every < a < & < 1 
with b — a < e. By the compactness of Z we also have a cover Oi, • • • , Om 
of X and points Pi = Ai, ■ ■ ■ , on T such that [Pi, Pj+i] C T n [e, 1] x I 
and each [Pi, -Pj+i] x Oj is contained in an element of U. Hence we have a 
refinement of U whose nerve is contractible. This yields the conclusion. 

Let Z be an n-dimensional metrizable space for n > 0. Then, since 
SC{Z) = I^UUjr=iP"H[l/™) 1] xl) and p-^{[l/n, 1] xlnT) is homeomorphic 
to I X Z, the dimension of SC{Z) is n + 1 by [4, Theorems 4.1.3 and 4.1.9] 
and [9l p. 221]. Hence SC{Z) is a cell-like, (n + l)-dimensional compact 
metrizable space, if Z is a n-dimensional compact metrizable space [71[8]. 

A path in X is a continuous mapping of the closed interval [a,b] to X. We 
say that two paths are homotopic if they are defined on the same domain 
and are homotopic relative to their ends. The composition of two paths 
f : [a,b] ^ X and g : [b,c] X such that f{b) = g{b) is a path h : [a,c] ^ X 
which is defined as follows: 



h{t) 



f{t) if a < t < 6 
g{t) iib<t<c. 



Let f : [a,b] ^ X and g : [c, d] ^ X be paths. We say that / is equivalent 
to g and write f = g when /(a + (6 — a)t) = g[c + {d — c)t) for each t G I 
and define / as f{t) = f{a + b — t) for each a < t <b. 

A loop with the base point xq in a space X is a path / : [a,b\ — > X for 
which /(a) = f{b) = xq- 

The product of two loops is defined in the standard way. The constant 
mapping to {xq} is denoted by Cxq- Let / : [a, 6] ^ X be a path, c any point 
in [a, b] and a any loop with the base point at /(c). The modification of the 
path along a loop a : I ^ X is the path g : [a,b] ^ X which is defined for 
an interval [ti,t2] C (a, 6) such that c G [^1,^2] as follows: 



f {{s — a){c — a)/{ti — a) + a) a < s < ti 

a{{s-ti)/{t2-ti)) iiti<s<t2 
f{{b-s){b-c)/{b-t2) + b) -1^2 <s<b. 



The definition of the modification of paths depends on the interval [ti,t2]) 
however all such paths are homotopic. (For simplicity of the definition we 
suppose that the domain of a loop a is I, but we shall use a variant of the 
modification for loops with arbitrary domains in the sequel.) 

A homotopy connecting an injective mapping with the constant one is 
called a contraction. Whenever possible we shall use the symbol SC{Z) 
instead of SC{Z, zq). 
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3. Proof of Theorem 1.1 

Lemma 3.1. Let A be a strong deformation retract of X and let a : [0, 1] — > 
X be a path with the end points a{0) and a(l) in A. Then there exists a 
path a' : [0,1] ^ A C X which is homotopic to a. 

Proof. The assertion of the lemma follows directly from the definition of the 
strong deformation retraction. □ 

Lemma 3.2. Let X be any space and a = (ai, 02) o,ny path in X xl with 
the end points a{0) € X x {0} and a(l) G X x {1}. Then there exists a path 
a' in X xl homotopic to a and such that Im(Q') C {qi(0)} x I U X x {1}. 

Proof. Let H : I x I ^ X x I he the homotopy which is defined by the 
following formulas: 

r (ai(0),2s) if < s < i/2 

^(''') = [ (l-t)a2(|f^)+0 ift/2<.<l. 

Obviously, H{0, t) = a(0), if(l, t) = a(l), H{s, 0) = a{s) and Im(iJ(-, 1)) C 
{ai(0)} xl\J X X {1} so I{ is the desired homotopy connecting a and 
a' = H{-,l). □ 

The path a'lp, 1/2] is called the linear part and a'|[i/2, 1] is called the 
residual part of the path a' . 

In the following lemmata we use the symbols of Zb„, Us{Bn), Os{Bn) 
and Mq which were defined in Section 2. 

Lemma 3.3. Let / : I — > SC{Z) be any path. Then for every n G N 
and every e > there exist a path fn,e '■ I ~^ SC{Z) and a homotopy 
Hn,e : ^ SC{Z) such that: 

(1) Hn,eis, 0) = fis), Hn,eis, 1) = 

(2) Im(/„,,) n Zb„ = 0; and 

(3) Hn,e{s,t) = f{s) if f{s)iOe{Bn). 

Proof. Let 5 be a number such that < 5 < e and Us{Bn) CiT = Us{Bn) H 
{L2n-\ U L2n)- Since f~^{ZB„) is a compact subset of f~^{Os{Bn)), there 
exists a finite set of pairwise disjoint intervals {[afc,6fc] : k € Kn\ which 
cover f~^{ZB,J in f~^{Os{Bn)) and whose end points lie outside f~^{ZB,J. 
Using the modifications of paths along loops we can assume without loss 
of generality that end points of all paths lie on T. For a given k € Kn 
consider the path f\[a^^^bk] ■ [afc,M ^ Os{Bn). Since p^^{Us{Bn) n T) is a 
strong deformation retract of Os{Bn), the path f\[a^.,b^:] is homotopic to a 
path fn,k ■ [ak, h] P~^(Us{Bn) n T) C Os{Bn) due to Lemma[3Tl 

The space p~^{Us{Bn) Ci T) is naturally homeomorphic to the product of 
the interval and the space Z. The product ([/(a/j), U x Z 

is a strong deformation retract of p~^ {Us{Bn) n T). Therefore the path 
/ : [ak,bk] Os{Bn) is homotopic to a path in {[f{ak), Bn]U[Bn, f(bk)])x Z , 
again by Lemma [3.1[ By Lemma [3.2^ the path / : [ak,bk] — > Os{Bn) is 
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homotopic to a path the hnear part of which hes in L2n-i U L2n and the 
residual part of which does not intersect Zb„ ■ The hnear part can be shghtly 
deformed in I x I to a segment [/(a^), f{bk)] with fixed ends /(ofc) and f{bk), 
which does not contain the point Since the index k is arbitrary and the 
number of the intervals {[ak,bk] : k € Kn} is finite we get the desired 
mapping fn,s- □ 

Next lemma is a direct consequence of Lemma 13.31 

Lemma 3.4. Any loop in SC{Z) with the base point in Mq is homotopic to 
a loop in SC{Z) \ U„eN ^Sn- 




Figure 1 

Lemma 3.5. Mq is a strong deformation retract of SC{Z) \ [J^eN ^B„- 

Proof The deformation D : {SC{Z)\\J^^^ ZbJxI^ SC{Z)\\J^^^ Zb^ is 
given by the piecewise linear mapping (linear over every triangle A^B^An+i 
and An+iBn+iBn) which maps [An, Bn] \ {Bn} and [^n+i, Bn] \ {Bn} to 
the points A^ and An+i, respectively (see Figure 1). Since the spaces Zb^ 
have been deleted, D is well-defined and continuous. □ 
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The following follows from Lemmata 13.41 and 13.51 : 

Lemma 3.6. Let f be a loop in SC{Z) whose base point is in Mq. Then f 
is homotopic to a loop in Mq. 

Before we show the simple connectivity of SC{Z), we exhibit a homotopy 
from the canonical winding to the constant, in case when Z is the circle 
in Figure 2. In the remaining part of this section we shall use the word 
"homotopic" for loops in a weaker sense, that is, two loops / and g will be 
considered to be homotopic if there exists a homotopy H(—,t) such that 
H{—,0) = f, H{—, 1) = g and H{—,t) is a loop for each t. /,From a loop 
as I in Figure 2 we pull the bottom of the loop to the left. This is the 
procedure I. Then we pull up to the loop as III through the one as II, this is 
the procedure II. Now the loop is in the upper edge without tangles as III. 
We contract the loop to the point B, this is the procedure III. To generalize 
these simple procedures I, II, III, we need to describe them more precisely. 

For a loop a in Z with the base point zq and a point u G T, let a„ be 
a loop in Z„ induced naturally by the homeomorphism between Z and Z^, 
i.e. au{t) = (n, a(t)), and in particular the base point of Ou being u. 

We call (3 : [a, b] — > SC{Z) a basic loop at An, if there exists a loop a in 
Z with the base point zq such that 

(a) /3{a) = (5{b) = A, (3{{2a + 6)/3) = (3{{a + b)/2) = A^, 

(b) P\[a,{2a+b)/3] and P\[(a+b)/2,b] are linear mappings; and 

(c) P\[{2a+b)/3,ia+b)/2] = a^„ • 

Lemma 3.7. Any basic loop fi : [0,1] — > SC{Z) at An is homotopic to the 
constant mapping B in the subspace p~^{[A,An] x I). 

Proof. We modify /? to 70 so that: 

(1) 70 (0) = PiO) = A, 7c^[i/3,i] = /3| [1/3,1]; 

(2) 7ol[i/(4fc+i),i/(4fc)] - aA„+fe and 7oj[i/{4fc+3),i/{4fc+2)] - aA„+fc for k > 
1; and 

(3) 7o|[i/4fc,i/{4fc-i)] is a linear mapping and 7o|[i/(4fc+2),i/(4fc+i)] is con- 
stant for k > 1. 

It is easy to see that 70 is homotopic to (3 in ^^-"^([0,1/71] x {0}). This 
homotopy corresponds to the procedure I. Next we describe the homotopy 
corresponding to the procedure II according to the above classification (1) — 
(3). Let En,t be the point {{t + n)/{{n + l)n);t) on L2n and Fn,t be the 
point (l/n;t) on L2n-i- We define H : I x I ^ p^^([0, 1/n] x I) so that 
H{s,0) = 7o(s) and the following hold: 

(1) H{0,t) = (0;t), H{s,t) = {2{l-s)/n;t) for s € [1/2,1] and t)| [1/3,1/2] ^ 

"{l/n;i); 

(2) i^(-,t)[[i/(4fc+i),i/4fc] = a£;„+fc_i,i andiJ(-,t)|[i/(4fc+3),i/(4fc+2)] = o:F„+^:/, 
and 

(3) i?(l/(4fc + 2),t) = Fn+k,t, H{l/{Ak + l),t) = H{l/{Ak),t) = En+k-i,t 
and -ff(-,t)|[i/4fc,i/(4fc-i)] and t)|[i/(4fc+2),i/(4fc+i)] are linear mappings. 
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Then H is continuous and it is a homotopy with H(0, t) = H{1, t) for all t. 
Let 71 = H{-,1). Notice that 71 1 [i/(4fc+i)^i/(4fc„2)] = aB^+k-iCB„+k-iaB„+„_, 
and 71 l[i/(4fc+2),i/(4fc+i)] is a linear mapping onto [-B„+fc, B^+k-i] and 7i I [1/2,1] 
is a linear mapping onto [Bn,B]. 

It is then easy to see that 71 is null-homotopic in ^^"'^([0, 1/n] x {!}), 
which corresponds to the procedure III. □ 




Figure 2. 



Proof of Theorem ll.il By Lemma [3.6t we may start by a loop / : [0, 1] 
Mq with base point the A. Moreover, since the A^s are isolated points 
among {Am : m < uj}, are connected by intervals in I x {0} and converge 
to A, every loop in Mq is homotopic to a loop homotopic to an infinite 
concatenation of basic loops. We may assume that we have a disjoint family 
of intervals {an,bn) {n < u), where < w, such that each f\[a„fi„] is a 
basic loop at some Am and Un<i/(^n'^n) is dense in I. Then f{s) = A for 
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We observe that the procedure II in the proof of Lemma 13.71 can be per- 
formed uniformly for all /|[a„,6„]'s- Then we obtain a homotopy from / to a 
loop in Ml which consists of possibly infinitely many null-homotopic loops. 
Since the homotopies which correspond to the procedure III converge to B, 
we have a homotopy from / to the constant mapping B. Extending the 
domain [0, 1] into both directions and adding a path from A to B, we have 
a homotopy from / to the constant mapping A relative to their ends. □ 



4. Proof of Theorem 1.2 

We shall show that SC{Z) is noncontractible for every noncontractible 
space Z. Let SCn{Z) be the subspace of SC{Z) defined as p^^{L2n-i U 

L2n U L2n+l)- 

Definition 4.1. A mapping f : SCn{Z) — > SC{Z) is said to be flat if 
P2{f{zi)) = P2{f{z2)), whenever p2{zi) = ^2(^2) for zx,Z2 G SCn{Z). A 
homotopy H : SCn{Z) x I — > SC{Z) is said to be flat if for every t, the 
mapping H(—,t) is flat. 

A similar idea of the flatness was used in [6]. 

Lemma 4.2. Let n G N and let H : SCn{Z) xl — > SC{Z) he a mapping such 
that for every y € I and t E I, the closure of the set p2{H{My n 5C„(Z), t)) 
does not contain both points and 1 and both mappings H{—, 0) and H{ — , 1) 
are flat. Then there exists a flat homotopy from H(—,0) to H(—, 1). 

Proof. Fix the numbers y and t. Let A{y, t) and B{y, t) be the infimum and 
the supremum of the function p2 o H{—,t) : My n SCn{Z) — > I, respectively. 
Let 

"^^^''^ l + A{y,t)-B{y,tr 

We note that A{y,Q>) = C(y,0) = 5(y,0) and A{y,l) = C(y, 1) = -B(y, 1), 
because H{—^ 0) and , 1) are flat. Consider the subset I x [^(y, t),B{y, t)]. 
Let (p be its piecewise linear retraction to the interval I x {C{y, t)}, which is 
defined by the mappings of vertices (see Figure 1): if{Bnfl) = C2n-i,^{Bn,i) = 
C2n, f{An+i,o) = C2n, <f{An,i) = C2n-i, where Anfi is the intersection point 
of L2n-2 and {{x; A{y,t)) : x £ I}, A^^i is the intersection point of ^2^-1 
and {{x; A{y,t)) : x € I}, B^fl is the intersection point of ^2^-1 and 
{{x;B{y,t))} and Bn^i is the intersection point of L2n and {{x]B{y,t))}. 

If A{y,t) = or B{y,t) = 1, then C{y,t) = or C{y,t) = 1 and A„,o = 
^n,i = -^n or Bnfl = -Bn,i = Bn, respectively and the mapping ip is well- 
defined. 

Let ipy^t be the natural retraction of x [A{y,t),B{y,t)\) to x 

{C(y,t)}) generated by ^p. Define now the homotopy H' : SCn{Z) x I ^ 
SC{Z) by H'{z, t) = V'(p2(2),t)(-f^(-2) i))- It is easy to check that p2{H'{z, t)) = 
C{p2{z),t) so that H' is a flat homotopy, and that H'(—,0) = H{—,0) and 
H'i-,l) = Hi-,l). □ 
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To prove the Lemma 14.41 below we introduce a notion which will help us 
to investigate flat homotopies. 

For s G (0, 1) and t G I, we define a property P{s, t) of H as follows: 
H{Ms n SCniZ),t) C p-^{I X (0, 1)) and the restriction of 
H{—,t) to MsHSCniZ) is homotopic to the identity mapping 
on Ms n SCniZ) in p-^{I x (0, 1)). 
We remark that by the flatness of H, if H{Ms n S'C„(Z), t) C x (0, 1)), 

then there is a neighborhood U of (s;t) such that H(Msi PI SCn{Z),t') C 
x (0, 1)) for any (s'; f) G C/. 

Lemma 4.3. Lei Z be a noncontractible space and H : SCn{Z)xI SC{Z) 
a flat homotopy. If p2 o H{Mq n S'C„(2'),to) ^ P^^I x (0, 1)), then there 
exists a neighborhood U of (0, io) such that H does not satisfy P{s,t) for 
any (s;t) G U with s > 0. An analogous statement holds for p2 o H{Mi n 



Proof. We have a neighborhood U of (0, to) such that H{Ms n S'C„(Z), t) C 
p^^il X (0,1)) for any {s;t) G U. We fix (s;t) G U with s > and assume 
to the contrary that P{s,t) holds. Let P2n+i, P2n, P2n-i be the intersection 
of I X {s} and L2n+i, L2n, L2n-i, respectively and hn = [P2n+i,P2n] and 
hn-i = [P2n,P2n-i] ■ Then we have M, = {(0; s)} U U^=i In U Zp„ and M, n 
5C„(Z) = Zp,„+,UZp2„UZp2„_,. Since H{-,t) maps U„e[P2„^,,A„+i]u[A„+i,P2„] ^« 
into X (0, 1)), the restriction of H{—,t) to ^P2„+i U Zp^^ is homotopic 

to a map / : Zp^^^^ U Zp^^ ^Zp^^ in ^-^(I x (0, 1)). 

Since Mg is a strong deformation retract of p^^{I x (0, 1)) similarly as in 
Lemma [331 Zp2„+i U l2n U .^P2„ is a retract of x (0, 1)). Since Z is not 
contractible, the identity mapping on Zp^^^-^ U .^P2„ is not homotopic to any 
map / : Zp2„+i U Zp2„ Zp^^ in p~^{I x (0, 1)), which is a contradiction. 

To prove the statement for H{Mi,to) we use Zp2„ U Zp^^_-^ and argue at 
a neighborhood of Bn and obtain a similar conclusion. □ 

Lemma 4.4. Let Z be a noncontractible space. If H : SCn{Z) xl — > SC{Z) 
is aflat homotopy such that H{u, 0) = u for every u G SCn{Z), then II{ — , 1) 
is not a constant mapping. 

Proof. To show this by contradiction, suppose that II{—, 1) is a constant 
mapping. Let d : [0, 1] ^ 5"^ be a winding with the base point sq, i.e. both 
(i|[o,i) and ^1(0,1] are bijective continuous mappings with d{0) = d{l) = sq. 
We define a homotopy H* : xl as follows: 



We have a contradiction with the fact that II*{s, 0) = s and that is not 
contractible, if H* is a homotopy (compare with [2j). Hence it suffices to 
verify the continuity of H*. 

If u 7^ So and P{d''^{u),t) holds, the continuity at {u,t) is clear. Oth- 
erwise, u ^ Sq and P{d^^{u),t) does not hold, or u = sq. We consider 



SCn{Z),to)Cp-\lx{0,l)). 




if u 7^ Sq and P{d ^{u),t) holds; 
otherwise. 
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two cases: Case 1. Suppose that u ^ sq and P{d~^{u),t) does not hold: If 
P2 o /f(M^-i(„), t) = {0} or {!}, then the continuity at fohows from 

that of H. Otherwise, since H{—,t) maps M^-i(„) n SCn{Z) continuously 
with respect to u and t, the restriction of H{—,t) to Mrf-i(„) n SCn{Z) is 
not homotopic to the identity on M^-i(„) fi SCn{Z) in p~^{l x (0, 1)), i.e. 
H* takes the value sq in a neighborhood of {u,t). 

Case 2. Suppose that u = sq: If each of p2 o H{Mq D SCn{Z),t) and 
P2 o H{Mi n SCn{Z),t) is equal to either {0} or {!}, the continuity at (n, t) 
follows from that of H. The remaining case is whenp2oH{MQriSCn{Z),t) C 
(0, 1) or p2 o -ff (Ml n SCn{Z),t) C (0, 1). In this case the continuity follows 
by Lemma 14.31 □ 

Proof of Theorem 11.21 To get a contradiction, suppose that SC{Z) is a 
contractible space. Then there exists a contraction H : SC{Z) xl — > SC{Z). 
By the compactness of the time interval I, for every a = (0; y) G {0} x I, 
there exists eo > such that the diameters of p2 o H{Oso (^)i 1^^^ than 
1 for all t E I. Hence, by compactness of L, there exists ei > such that the 
diameters p2 o H{Os^{a),t) are less than 1 for all a = (0;y) E {0} x I and 
all t E I. Let n be a number such that 1/n < ei. By Lemma 14.21 we may 
then assume that -ff |5c„{Z)xii is a flat contraction. However, this contradicts 
Lemma 14.41 □ 

Remark 4.5. The space SC{S^) is simply connected and it follows by the 
Mayer- Vietoris exact sequence for the singular homology that Hn{SC{S^)) = 
for n > 3. The question whether H2{SC{S^)) = was open in the first 
draft of this paper. This has subsequently been answered negatively by the 
authors and also independently by J. Dydak and A. Mitra. The proof will 
appear in our forth-coming paper "An example of a nonaspherical cell-like 
2- dimensional continuum and some related constructions" . 
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